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(57)Abstract: 

PURPOSE: To enhance reliability of wiring 
while lowering the resistance by generating 
gas discharge under a pressure close to 
atmospheric pressure, exposing a metal film 
deposited on the surface of a substrate to a gas 
active species produced through discharge and 
oxidizing the surface of the metal layer, 
thereby imparting corrosion resistance thereto. 
CONSTITUTION: The atmosphere between 
the tips of both electrodes 3 and a substrate 6, 
including the vicinity thereof, is substituted by 
a gas containing oxygen. When a 
predetermined voltage is applied from a 
power supply 2 to the electrodes 3, a gas 
discharge takes place between both electrodes 
3 and the substrate 6. Active species, e.g. 
oxygen ions and excitation species, are 
thereby produced in the discharge region 8. 
Upon exposure to such active species, a metal 
wiring 7 is oxidized and a thin metal oxide 9 is deposited on the surface thereof. Since 
the surface of the metal wiring 7 is oxidized and coated with the metal oxide 9, the 
lower metal wiring layer has no possibility of being etched along with the upper metal 
wiring layer even if the interlay er insulation film is not deposited thinner than the 
thickness required for electric insulation and even if any pinhole is present. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method and device which oxidize 
and return the surface of processed material or carry out the surface treatment of the 
wiring especially formed in the surfaces and these surfaces, such as semiconductor 
parts, such as IC, the circuit board, a liquid crystal substrate, the electrode, etc. about 
removal of an organic matter and an inorganic substance or washing, and the other art 
for carrying out a surface treatment variously. 
[0002] 

[Description of the Prior Art]By the manufacturing field of the semiconductor device, 
various surface treatment art is used from before. For example, in removing an 
organic matter like the flux residue used for soldering, there are a wet cleaning 
method by an organic solvent and a dry cleaning method removed by irradiating an 
organic matter with ozone, ultraviolet rays, etc., and producing a chemical reaction. In 
the case of the wet method, there is a possibility that a detergent may affect electronic 
parts etc., and in particular by the dry method, the removal ability of an organic matter 
with a large molecular weight is low, and cannot expect sufficient cleaning effect. So, 
these days, the method of carrying out a surface treatment using the plasma generated 
in the vacuum is developed. 

[0003]For example, to JP,58-147143,A. The surface of a leadframe is processed using 
the oxygen gas activated by microwave discharge under decompression environment, 
It is indicated by the method of raising adhesion with resin and in JP,4-1 16837,A. It is 
shown by the method of introducing and discharging hydrogen gas of 1 - lOTorr to a 
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plasma etching device, and removing an oxide, and in JP,5-160170,A. The method of 
generating argon oxygen plasma or hydrogen reduction plasma, and etching a 
leadframe is indicated by by impressing high frequency voltage to an electrode in the 
processing chamber which decompressed. 

[0004]However, when generating plasma discharge under a vacuum or decompression 
environment, special equipment of a vacuum chamber, a vacuum pump, etc. is 
required, and the whole device is enlarged and complicated and is expensive. Since it 
is necessary to make decompress and maintain the inside of a chamber at the time of 
discharge, the processing itself takes a long time, and since throughput is 
comparatively [ with troublesome work ] low, productivity falls to it. In the plasma 
discharge in a vacuum or under decompression, as compared with an excitation kind, 
since there are much electron and ion, it will have the thermally big damage and 
influence also into portions other than the portion which there is a possibility of 
giving an electric damage and should be processed. 

[0005]On the other hand, these days, the method of performing various surface 
treatments, such as ashing and etching, is proposed by using rare gas and slight 
reactant gas under atmospheric pressure, and generating plasma. In many cases, these 
generate discharge directly between an RP electrode and processed material, but. For 
example, to JP,4-334543,A. Like the surface treatment device which plasma is 
generated inside a pipe, and the method of processing the circulation object which 
passes through the inside of the inner surface of this pipe or a pipe is indicated, and is 
indicated to JP,3-219082,A,~ It is made to discharge between a power electrode and an 
earth electrode, and how to form membranes by injecting the plasma active species to 
processed material is also known. 
[0006] 

[Problem(s) to be Solved by the InventionJIn recent years, according to the request of 
highly-efficient-izing and the miniaturization to a semiconductor device, many the IC 
part articles and the circuit boards using multilevel interconnection are used. When 
forming multilevel interconnection in a substrate, first, metallic wiring, such as 
aluminum, is patterned on a substrate, and is formed using photolithographic 
technique, and insulator layers, such as Si0 2 , are covered on it. The metal layer used 
as the 2nd wiring is formed on this insulator layer, and it forms in a desired circuit 
pattern by similarly etching this metal layer using photolithographic technique. 
However, since it is easy to generate a pinhole on a SiC>2 film, when patterning the 
metal layer formed on it after it, even the metallic wiring of the bottom had a 
possibility that it may be etched simultaneously in it. Therefore, the method of 
making a Si0 2 film an insulating layer and generally, forming it thicker than required 
thickness is adopted. However, membrane formation of the Si0 2 film took great time 
and time and effort, and cost increased, productivity fell, and the substrate itself 
became very thick and there was a problem of being contrary to the request of a 
miniaturization and slimming down of a substrate or electronic parts. 
[0007]The glass substrate using the transparent electrode which generally consists of 
ITO(s) etc. is used for the liquid crystal display (LCD). Since the comparatively big 
current at the time of a drive flows in the case of the liquid crystal display element 
used especially for a word processor, a personal computer, etc., it is required that the 
wiring resistance of a transparent electrode should be low. For this reason, although 
the method of thickening thickness of a transparent electrode conventionally is 
adopted, Since an ITO electrode was usually formed by vacuum film formation 
method etc., the membrane formation time was long, the more cost not only becomes 
high, but thickened, transparency fell and, the more there was a problem of affecting 



the liquid-crystal-display function itself. 

[0008]If the invention-in-this-application person covers the surface of lower layer 
metallic wiring with the oxide beforehand to these problems, Even when a pinhole 
existed in the Si0 2 film temporarily formed on it 3 the point that even lower layer 
metallic wiring was not etched was noted by patterning the upper metallic wiring. If 
the surface is covered with a metallic oxide even if it is the metallic wiring and the 
electrode which are exposed to a substrate face, corrosion resistance can be given to 
various contamination, and the reliability of wiring etc. can improve, and a life can be 
lengthened. Since the ITO electrode was a metallic oxide, the invention-in-this- 
application person noted the point that desired low resistance-ization could be attained, 
by returning and metalizing this, without making thickness of a transparent electrode 
thick more than needed. However, in any case, there were various difficulties in 
practice with the conventional surface treatment art mentioned above. 
[0009]In order to form an orienting film in the liquid crystal panel surface 
conventionally, in manufacture of a liquid crystal display as an orienting film 
formation method of a liquid crystal panel, conventionally, For example, the heat- 
resistant synthetic resin coating which has the electric insulation of polyimide etc. is 
fonned in a substrate, and the method of carrying out orientation grant is adopted by 
grinding this surface against one way, namely, carrying out rubbing treatment with the 
roller around which cloth was wound. However, in the method of grinding physically 
in this way, there was a problem of synthetic resin coating exfoliating from a substrate, 
or the tunic surface being damaged for dust adhering to the cloth twisted around the 
roller or the tunic surface, etc. Although the uniformity of a stacking tendency is 
important, by the conventional method, the angle of an orienting film and inclination 
of a liquid crystal element have a large field depending on experience or trial and 
eiTor, and the variation is also large in practice, and when rubbing treatment is carried 
out, they cannot judge a quality about the result. It was impossible to have controlled 
the angle of an orienting film. 

[OOlOjThen, the place which the surface treatment method of the substrate of this 
invention is made in view of the conventional problem mentioned above, and is made 
into the purpose, The metallic wiring and the electrode which are formed on the 
surface of a substrate by carrying out a surface treatment easily, without thermal or 
giving an electric damage, Corrosion resistance can be given if needed, and the 
reliability of wiring can be raised, or low resistance-ization can be attained, and a deer 
therefore cannot need the special equipment for a vacuum or decompression, either, 
but the whole device can be constituted easily, can miniaturize, and. Processed 
material can be processed safely and locally and it is in providing a surface treatment 
method with high throughput by low cost. 

[001 l]The purpose of this invention can attain slimming down of a substrate using 
this surface treatment method, without making an interlayer insulation film thick more 
than needed, and there is in providing the method of forming a reliable multilayer 
interconnection board by low cost easily. 

[0012]By comparatively easy composition to which another purpose of this invention 
does not carry out necessity of the special equipment for a vacuum or decompression. 
It is in providing the device for being able to perform easily effectively various 
surface treatments, such as oxidation and not only reduction but etching, removal of 
an organic matter and an inorganic substance, washing, etc., at low cost, and realizing 
the surface treatment method in which a sheet process or batch processing is also 
possible, and it if needed. 

[0013]Another purpose of this invention is to provide the orienting film formation 



method of the liquid crystal panel which does not damage the surface of synthetic 
resin coating by non-contact processing, does not make it exfoliate, and enables 
uniform orientation grant especially in manufacture of a liquid crystal display. The 
purpose of this invention is to provide the method of forming an orienting film in the 
substrate face of a liquid crystal panel directly. 
[0014] 

[Means for Solving the ProblemjThis invention is for attaining the purpose mentioned 
above, and is explained using an example which showed the contents to a drawing 
below. 

[001 5] A surface treatment method of the substrate according to claim 1 produces 
gaseous discharge in gas which contains oxygen at least under atmospheric pressure 
or a pressure of the neighborhood, exposes a metal membrane currently formed in a 
substrate face at gas active species generated by this discharge, and oxidizes the 
surface of this metal layer by it. 

[0016]By a formation method of the multilayer interconnection board according to 
claim 2 covering the 1st metallic wiring formed in a substrate face with an insulator 
layer formed on it, and forming a metal membrane on this insulator layer, and etching 
this, In a process of patterning the 2nd metallic wiring, before forming an insulator 
layer on the 1st metallic wiring, gaseous discharge is produced in gas under 
atmospheric pressure or a pressure of the neighborhood, and the 1st metallic wiring is 
exposed to gas active species generated by this discharge. 

[001 7] A surface treatment method of the substrate according to claim 3 produces 
gaseous discharge in gas which contains hydrogen or an organic matter at least under 
atmospheric pressure or a pressure of the neighborhood, A layer of a metallic oxide 
fonned in a substrate face is exposed to gas active species generated by this discharge, 
and this metal oxide layer is returned to it by it. 

[0018]In addition to the focus of claim 3 which the surface treatment method 
according to claim 4 mentioned above, a steam is further contained in gas made to 
generate gaseous discharge. A surface treatment method of the substrate according to 
claim 5 is characterized by applying an organic matter to a substrate face beforehand, 
on the other hand a surface treatment method of the substrate according to claim 6 
added an organic matter made to evaporate in gas which produces gaseous discharge. 
[0019]The surface treatment method according to claim 7 produces gaseous discharge 
in predetermined gas under atmospheric pressure or a pressure of the neighborhood in 
near the surface of a fluid. A method according to claim 8 carries out the surface 
treatment of the processed material using a fluid after producing gaseous discharge in 
addition to the focus of claim 7 mentioned above, and also a method according to 
claim 9 makes processed material immersed into a fluid. 

[0020]The surface treatment device according to claim 10 consists of a container of a 
fluid, a means to generate gaseous discharge in predetermined gas under atmospheric 
pressure or a pressure of the neighborhood in near the oil level of this container, and a 
means for supplying gas predetermined [ this ] near the oil level of a container. In 
addition to the focus of claim 10 mentioned above, the device according to claim 1 1 
has further a means to circulate said fluid from a container and to defecate it. As for 
the device according to claim 12, processed material is immersed into a fluid of a 
container, or the device according to claim 1 3 has a means for turning a fluid in a 
container to processed material, and rationing it. 

[0021]The surface treatment method according to claim 14 produces gaseous 
discharge in predetermined gas under atmospheric pressure or a pressure of that 
neighborhood, supplies into a fluid gas including gas active species generated by this 



gaseous discharge, and carries out the surface treatment of the processed material 
using this fluid. A method according to claim 15 makes processed material immersed 
into said fluid in addition to the focus of claim 10 mentioned above. 
[0022]The surface treatment device according to claim 16 consists of a means to 
generate gaseous discharge in predetermined gas, and a means to supply gas including 
gas active species generated by this discharge into a fluid of said container, under a 
container of a fluid, and atmospheric pressure or a pressure of that neighborhood. In 
addition to the focus of claim 16 which the device according to claim 17 mentioned 
above, processed material is immersed into a fluid of a container, or the device 
according to claim 18 has a means for turning a fluid in a container to processed 
material, and rationing it. 

[0023] An orienting film formation method of the liquid crystal panel according to 
claim 19, By producing gaseous discharge in predetermined gas under atmospheric 
pressure or a pressure of that neighborhood, turning to a substrate face of a liquid 
crystal panel a gas stream including gas active species generated by this discharge, 
and injecting it aslant according to an orientation direction which it is going to give, 
Gas active species is exposed to this substrate face. In addition to the focus of claim 

19 mentioned above, synthetic resin coating used as an orienting film is beforehand 
formed in a substrate face of a liquid crystal panel, and a method according to claim 

20 exposes gas active species to this synthetic resin coating. On the other hand, as for 
a method according to claim 21, an organic matter of a fluid is contained in 
predetermined gas at ordinary temperature, After forming a tunic in a substrate face 
with the active species, the 2nd gaseous discharge is produced under atmospheric 
pressure or a pressure of the neighborhood, and the 2nd gas active species generated 
by that cause is exposed to a film formation side of a substrate. 

[0024] An orienting film formation method of the liquid crystal panel according to 
claim 22, Predetermined gas which produces gaseous discharge under atmospheric 
pressure or a pressure of the neighborhood, and contains an organic matter of a fluid 
at ordinary temperature, It injects to an orientation direction which it is going to give 
towards a substrate face of a liquid crystal panel exposed to this discharge, and a tunic 
is formed in this substrate face with active species of gas generated by this discharge. 
[0025] 

[Function]Therefore, by generating gaseous discharge under the pressure near the 
atmospheric pressure by comparatively easy composition according to the surface 
treatment method of the substrate according to claim 1, Oxygen active species, such 
as an oxygen radical and ozone, can be generated, the metal layer of a substrate face 
can be oxidized by the operation, and the surface can be covered with a metallic oxide. 
[0026]By according to the formation method of the multilayer interconnection board 
according to claim 2, using the surface treatment method according to claim 1, and 
covering the surface of the 1st metallic wiring with a metallic oxide, When the 
pinhole has produced in the insulator layer formed on it and the 2nd metallic wiring is 
patterned, it can avoid etching even the 1st metallic wiring. 

[0027] According to the surface treatment method of the substrate according to claim 3, 
by generating gaseous discharge under the pressure near the atmospheric pressure by 
the same, comparatively easy composition as the surface treatment method according 
to claim 1, A hydrogen radical is generated, or an organic matter dissociates, ionizes 
and excites and the active species of the ion excitation kind of an organic matter, 
carbon, and hydrogen, etc. is generated, and the metal oxide layer of a substrate face 
can be returned by those operations, and it can metalize. 

[0028] According to the surface treatment method of the substrate according to claim 4, 



the speed of the reduction processing by gas active species can be brought forward by 
including a steam in the gas which produces gaseous discharge. By applying the 
organic matter to the substrate face according to the surface treatment method of the 
substrate according to claim 5, By being able to make dissociation of the organic 
matter by gaseous discharge, ionization, and excitation perform effectively, and 
supplying the vaporized organic matter to the generating region of gaseous discharge 
according to the method according to claim 6, the dissociation, ionization, and 
excitation are promoted similarly and the effect of reduction processing can be 
heightened. 

[0029] According to the surface treatment method according to claim 7, by operation 
of gas including the active species generated by gaseous discharge under the pressure 
near the atmospheric pressure, the surface of a fluid can be processed, or said gas can 
mix into a fluid, and surface treatment capability can be given to this fluid itself. With 
the surface treatment capability which was given to the fluid according to the method 
according to claim 8. The surface treatment of the processed material can be carried 
out regardless of the occurrence position of discharge, without giving thermal or an 
electric damage, and according to the method according to claim 9, direct surface 
processing of the processed material can be carried out with said fluid. 
[0030] According to the surface treatment device according to claim 10, the method 
according to claim 7 can be realized, the gas active species generated by the plasma 
generated under the pressure near the atmospheric pressure can be made to be able to 
act on the fluid in a container, and this fluid itself can be processed, or the surface 
treatment of the processed material can be carried out via this fluid. According to the 
device according to claim 1 1, by a surface treatment, impurity ion, dust, etc. which 
are produced in a fluid can be removed, and the cleanliness of a fluid can be 
maintained highly. According to the device according to claim 12, direct surface 
processing of the processed material can be carried out within this fluid, and the 
surface treatment of the processed material can be carried out according to the device 
according to claim 13 in a position other than the occurrence position of the gaseous 
discharge for generating this fluid. 

[003 l]By using the fluid which introduced gas including the gas active species by 
which it was generated by gaseous discharge according to the surface treatment 
method according to claim 14, Since the surface treatment of the processed material 
can be carried out by the operation and processed material can moreover be prepared 
for a position other than the occurrence position of gaseous discharge, corresponding 
to the processing condition of the shape and the size of processed material, the 
number, the environment where gaseous discharge is generated, and others, 
throughput can be adjusted suitably. According to the method according to claim 15, 
direct surface processing of the processed material can be carried out with said fluid. 
[0032]By according to the surface treatment device according to claim 16, being able 
to realize the method according to claim 14, establishing the container and gaseous 
discharge generating means of a fluid separately, and connecting them by a gas supply 
means, The kind and quantity of the gas active species supplied into a fluid are 
controlled the size of processed material, a size and shape, and [ other / various 
conditions or if needed ], a feeding method can be changed suitably or the size and 
shape of a liquid container can be changed. According to the device according to 
claim 17, direct surface processing of the processed material can be carried out within 
this fluid, and according to the device according to claim 18, the surface treatment of 
the processed material can be carried out in a desired position. 
[003 3] According to the orienting film formation method of the liquid crystal panel 



according to claim 19, according to direction of a gas stream, an orienting film can be 
formed in a substrate face by non-contact by making gas active species act aslant to a 
substrate face. According to the method according to claim 20, orientation of the 
synthetic resin coating of a substrate face can. be carried out to direction of a gas 
stream, according to the method according to claim 21, an organic matter is 
polymerized in a substrate face and a desired orienting film can be directly formed in 
it. 

[0034] According to the orienting film formation method of the liquid crystal panel 
according to claim 22, using the plasma under atmospheric pressure, an organic 
matter can be polymerized in a substrate face, and synthetic resin coating can be 
formed in it comparatively easily, and orientation of this can be carried out to 
direction of a request by non-contact. 
[0035] 

[Example]Hereafter, the drawing of attachment of the preferred embodiment of this 
invention is explained in detail. The device for using it for the surface treatment 
method of the substrate by this invention is roughly shown in drawing 1 . The surface 
treatment device 1 is provided with the electrode 3 of the couple vertically arranged 
so that it may be connected to the power supply 2 and may counter with a 
predetermined interval. The gas for discharge is supplied to the space 4 demarcated 
between said two electrodes from the gas supply device 5. The substrate 6 for 
performing a desired surface treatment is arranged horizontally immediately at the 
two-electrodes 3 bottom. The metallic wiring 7 which consists of aluminum is formed 
in the upper surface of the substrate 6. 

[003 6] The gas for discharge is supplied to the space 4 from the gas supply device 5, 
and said gas for discharge replaces the atmosphere of between two-electrodes 3 tip 
and the substrates 6 and its neighborhood. If predetermined voltage is impressed to 
the electrode 3 from the power supply 2, gaseous discharge will occur between the 
two electrodes 3 and the substrate 6. Various reactions, such as dissociation of said 
gas for discharge by plasma, ionization, and excitation, exist in this discharge region 8. 
Said discharge is especially generated strongly between the metallic wiring 7 of the 
aluminum currently formed in the substrate 6 upper surface. 
[0037]In this example, the mixed gas of helium and oxygen is used for said gas for 
discharge. Thereby, the active species of the ion of oxygen, an excitation kind, etc. is 
generated by the discharge region 8. By being exposed to these active species, the 
surface of the metallic wiring 7 oxidizes and the film 9 of a thin metallic oxide as 
shown in drawing 2 A is formed. 

[003 8]If rare gas, such as helium, is used under atmospheric pressure or the pressure 
of the neighborhood and the voltage of high frequency is generally impressed, the 
damage which the discharge becomes uniform and is given to the processed material 
exposed that it is easy to generate gaseous discharge can be lessened. As gas for 
discharge, even if it uses the mixed gas of compressed air, nitrogen, and oxygen, 
metallic wiring can be oxidized similarly. Since gas of helium itself is expensive and 
a manufacturing cost increases, rare gas, such as helium and argon, can be used only 
at the time of discharge starting, and after discharge generating can also be changed 
into suitable cheap gas, such as compressed air. 

[0039]Processing at a room temperature is also possible and the element of a substrate, 
etc. are not made to produce faults, such as a thermal damage, by it about temperature 
conditions. However, if it is only for gathering an oxidation rate with a natural thing, 
it cannot be overemphasized that it is better to heat a substrate. 
[0040]Thus, the substrate 6 which covered the surface of the metallic wiring 7 with 



the metallic oxide film 9 forms the insulator layer 10 which consists of Si0 2 on the 
metallic wiring 7 at predetermined thickness, as shown in drawing 2 B. Next, the 
metallic wiring of the 2nd layer is formed in a desired circuit pattern by making the 
metal membrane 1 1 of aluminum laminate on the insulator layer 10, and etching it 
using photolithographic technique as usual. As mentioned above, the surface of lower 
layer metallic wiring was oxidized and the metallic oxide covered in this invention. 
Therefore, irrespective of the existence of a pinhole, even if it does not form an 
mterlayer insulation film more thickly than thickness required for electric insulation, 
when etching the upper metallic wiring, there is no possibility that lower layer 
metallic wiring may be etched. 

Thus, two steps of multilevel interconnection can be formed on the substrate 6, and 
also the multilevel interconnection of the 3rd layer and the 4th layer can be formed by 
repeating the process mentioned above. 

[0041] Although metallic wiring 7 formed on the substrate 6 was made into aluminum 
in this example, it is applicable to the wiring which consists of other metal, such as 
copper, or ITO similarly. Since corrosion resistance can be given by carrying out a 
surface treatment as the metallic wiring and the electrode which are exposed to a 
substrate face were mentioned above even if it is not wiring of multilayer structure 
like this example, reliability can improve also to contamination etc. and a life can be 
lengthened. 

[0042]The glass substrate 12 for applying the surface treatment method of the 
substrate by this invention is shown in drawing 3 . The glass substrate 12 is for using it 
for a liquid crystal display. 

The transparent electrode 13 of a large number which consist of ITO(s) is formed in 
the surface. 

In this example, the surface treatment device shown in drawing 1 like the example 
mentioned above is used, the gas which contains hydrogen or an organic matter at 
least as gas for discharge is supplied, and gaseous discharge is generated between the 
electrode 3 and the glass substrate 12. Thus, when the gas for discharge contains 
hydrogen by making plasma, the active species of the ion excitation kind of the 
organic matter, carbon, and hydrogen which the active species of the ion of hydrogen, 
an excitation kind, etc. is generated, and in the case of the gas containing an organic 
matter this organic matter dissociates, are ionized, are excited, and are generated to it, 
etc. is generated. These active species are exposed only to the portion of transparent 
electrodes 13 other than viewing- area 14 by arranging means, such as a mask, for 
example on the glass substrate 12. 

[0043]As mentioned above, since it is formed with the oxide of metal, such as ITO, it 
is returned by operation of said active species, and the transparent electrode 13 is 
metalized. Thereby, the electric resistance of the transparent electrode 13 can be made 
small. Therefore, electrical performance required as an electrode is securable, 
maintaining good transparency, in order to use it for a liquid crystal display, even if it 
does not form thickness thickly more than needed like before. 
[0044]It is not necessary to not necessarily include said organic matter for generating 
active species in the gas for discharge. In another example, it can apply to the surface 
of the glass substrate 12 beforehand. In this case, in the discharge region between the 
electrode 3 and the glass substrate 12, since gas dissociates, ionizes and excites by 
plasma and an energy state becomes high, a part evaporates, and said applied organic 
matter is exposed to discharge, and generates active species in the similar maimer 
with having dissociated, ionized, excited and mentioned above. Said some of other 
organic matters receive energy from the active species of said high gas of an energy 



state, it dissociates, ionizes and excites it by that cause, and serves as active species of 
the ion of an organic matter, carbon, and hydrogen, an excitation kind, etc. similarly. 
Thereby, the same reducing action as the case where an organic matter is included in 
the gas for discharge is obtained. In another example, a discharge region can also be 
supplied in the state where the organic matter was made to evaporate using a separate 
gas supply means. Also in this case, the same operation effect is obtained with having 
mentioned above. 

[0045]When the gas for discharge contains an organic matter, this organic matter 
polymerizes and the thin film of polymers may be formed in the surface of processed 
material. When formation of such a polymer thin film is not preferred, it is convenient 
if moisture is included in the gas for discharge, using the gas containing a low- 
molecular organic matter. 

[0046]The concrete composition for including moisture or a low-molecular organic 
matter in the gas for discharge in this way is shown in drawing 4 thru/or drawing 6 . In 
the example shown in drawing 4 , from the gas supply device 5, a bypass is formed in 
the middle of the pipeline 15 which supplies the gas for discharge to the surface 
treatment device 1, it branches, said a part of gas for discharge is adjusted by the 
valve 16, and it sends in in the tank 17. In the tank 17, water (suitably pure water) or 
the liquefied organic matter 18 is stored. 

It is carrying out that it is easy to generate the vaporized gas of a steam or said organic 
matter with the heater 19. 

It is returned to the pipeline 15 including the vaporized gas of a steam or the organic 
matter 18, it mixes with said discharge gas fed directly from the gas supply device 5, 
and said gas for discharge introduced in the tank 17 is supplied to the surface 
treatment device L The quantity of the steam mixed by the gas for discharge or an 
organic matter is adjusted by adjusting the circuit and the heater 19 of the valve 16. 
[0047]In the example shown in drawing 5 , the atomiser 20 is formed in the middle of 
the pipeline 15 connected to the surface treatment device 1 from the gas supply device 
5, water or the liquid organic matter 18 is supplied to this from the tank 17, and it is 
added by the gas for discharge sent from the gas supply device 5 in the state where it 
atomized. Also in this case, microatomization of water and a liquid organic matter can 
be promoted by forming and heating the same heater as drawing 4 in the tank 17. 
[0048]In the example shown in drawing 6 , the water or the liquid organic matter 18 
stored in the tank 17 is heated with the heater 19, The vaporized gas of a steam or said 
liquid organic matter is generated, and direct supply is carried out to the surface 
treatment device 1 or the discharge region 8 with the pipeline 21 separate from the 
discharge gas supplied from the gas supply device 5. It can connect in the middle of 
the pipeline 15 which connects the gas supply device 5 and the surface treatment 
device 1, and the pipeline 21 can mix the vaporized gas of a steam or an organic 
matter to discharge gas, and can also supply it to a discharge region. 
[0049]The following results were obtained when experimented about the effect at the 
time of returning processed material using the surface treatment method of this 
invention. Four kinds of the mixed gas of helium and propane, the mixed gas of 
helium and oxygen, and the mixed gas of helium and hydrogen were used for the gas 
for discharge only helium. About the steam or organic matter added to the gas for 
discharge, when Deccan (C10H22) was added and Deccan and water were added, it 
carried out with three kinds in the case of adding nothing. Power supply voltage for 
generating gaseous discharge was set to 200 W. The flow of helium was 20 l./m. The 
result obtained by this experiment is shown in the following table 1 . 
[0050] 
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[005 l]In Table 1, the flow of the fluid shows the flow as gas at the time of making the 
fluid evaporate. On the occasion of gaseous discharge, hydrogen or an organic matter 
is supplied as gas or a fluid at least. When returning generally, it is preferred that 
polymer is not formed in the surface of processed material. As shown in this table 1, if 
oxygen is mixed in the gas for discharge, a polymerization can be controlled, but 
reduction nature also becomes small. It turns out that a polymerization can be 
controlled, without affecting reduction nature by applying moisture. 
[0052] Another example of the surface treatment device used for the method by this 
invention is shown in drawing 7 . This surface treatment device 22 is vertically held in 
the state where it floated in the center of the metallic cover 25 that the cylindrical 
electrode 24 connected to the power supply 23 makes the cube type opened 
downward wide, electrically by the insulating fixture 26. The metallic cover 25 is 
grounded, and it accommodated the electrode 24 in the inside thoroughly, and the 
lower end part 27 extended it to the nearly tip of the electrode 24, and it has 
demarcated the opening 28 in the lower part. This lower end part 27 serves as a 
counter-electrode of the electrode 24. Metallic cover 25 inside is open for free passage 
to the gas supply device 29 which supplies the gas for discharge. The metallic mesh 
30 is allocated by the opening 28, and the processed material of the substrate which is 



going to carry out a surface treatment caudad is arranged at it. 

[0053]The predetermined gas for discharge is supplied from the gas supply device 29, 
and said gas for discharge replaces metallic cover 25 inside. If voltage is impressed to 
the electrode 24 from the power supply 23, gaseous discharge will arise between the 
tip of the electrode 24, and the metallic cover lower end part 27. Since the gas for 
discharge is continuously supplied in the metallic cover 25 from the gas supply device 
29, with said gas for discharge, the gas active species generated by the discharge 
region 31 serves as the reactive gas style 32, and blows off from the opening 28 to a 
lower part. The surface treatment of said substrate is carried out with said gas active 
species included in the style of [ this ] reactive gas. The trap of the ion which 
generated the reactive gas style 32 by said discharge at this time is carried out by the 
metallic mesh 30, and since a newt rise is carried out, the damage given to said 
substrate by which a surface treatment is carried out can be lessened more. 
[0054]Pipelines, such as a flexible tube, can be connected to the lower end opening 
part 28 of the metallic cover 25, and a reactive gas style can be made to blow off from 
the nozzle provided at the tip in another example. Said substrate which is going to 
carry out a surface treatment is arranged at a position separate from surface treatment 
device 22 main part, and is exposed in the style of [ said ] reactive gas via said 
pipeline. Since it can process by changing the flow of a gas stream, the shape of a 
nozzle, etc. by this according to processing conditions which are processed material, 
such as shape of a substrate, and a size, adjustment of throughput as occasion 
demands is possible, and workability can be raised. 

[0055]The surface treatment device for using it for another example of the surface 
treatment method by this invention is shown in drawing 8 . It is connected to the 
power supply 34; and this surface treatment device 33 has the plate-like electrode 35 
arranged horizontally. The gas supply device 38 for the container 37 which stores the 
predetermined fluid 36 being arranged, and supplying the gas for discharge to the 
electrode 35 bottom is arranged towards the narrow space demarcated between the 
electrode 35 and the oil level of the fluid 36 in the gas port 39. The grounded metal 
plate 40 used as the counter-electrode of the electrode 35 is allocated in the pars 
basilaris ossis occipitalis of the container 37 in parallel with the position 
corresponding to the electrode 35. The processed material 41 by which a surface 
treatment is carried out is immersed into the fluid 36, and is laid in the bottom of the 
container 37 by the position corresponding to the metal plate 40. 
[0056]Like the case of each example mentioned above, the predetermined gas for 
discharge is made to blow off from the gas port 39 of the gas supply device 38, and 
said gas for discharge replaces said space between the oil levels of the electrode 35 
and the fluid 36. Next, if voltage is impressed to the electrode 35 from the power 
supply 34, gaseous discharge will occur between the electrode 35 and said oil level. 
The active species of said gas for discharge by plasma is generated, and this active 
species mixes into the fluid 36, and carries out the surface treatment of the processed 
material 41 to this discharge region 42. 

[005 7] When the gas, for example, the mixed gas of helium and oxygen, containing 
oxygen is used as gas for discharge, active species, such as an oxygen radical and 
ozone, are generated by the discharge region 42 by said gaseous discharge. The fluid 
36 serves as ozone water and the fluid 36 demonstrates the same oxidative 
degradation power as hydrogen peroxide solution to the processed material 41, when 
said ozone mixes into it suitably in the case of pure water, water and. On the other 
hand, since hydrogen peroxide solution itself is expensive, a cleanup cost becomes 
high, and when a surface treatment is actually carried out by the wet method using 



hydrogen peroxide solution, since it is harmful to a human body, moreover, cautions 
are required for handling, and work is troublesome and is complicated. According to 
this invention, oxidation treatment capability high enough can be obtained by low cost, 
and handling is easy, and workability improves. 

[0058]In another example, the gas containing fluorine compounds, such as CF4, C2F6, 
and SF 6 , can be used as gas for discharge. In this case, the active species of the ion of 
fluoride, an excitation kind, etc. is generated by said gaseous discharge. Since said 
fluorine ion will mix in water and the fluid 36 will become hydrogen fluoride (HF) 
water if water is used for the fluid 36, the surface of the processed material 41 can be 
etched. For example in the wet etching of a silicon wafer, this can be used in order to 
remove an oxide film from the surface. 

[0059]The gas, for example, the simple substance gas of nitrogen, containing nitrogen, 
the mixed gas of nitrogen and helium, compressed air, etc. can be used as gas for 
discharge. When the fluid 36 is used as sulfuric acid, it is generated by the active 
species of the ion of nitrogen, an excitation kind, etc. by said gaseous discharge, this 
nitrogen ion mixes in sulfuric acid, and it is made to change to sulfuric-peroxide- 
mixture ammonium. Thereby, cleaning capacity equivalent to ammonia-peroxide- 
mixture liquid is acquired, and the fluid 36 can remove the organic matter adhering to 
the surface of the processed material 41, etc. If especially this method is applied when 
carrying out wet etching of the resist formed in the substrate etc. after ashing, it is 
effective. 

[0060] According to the surface treatment method of this example, various surface 
treatments, such as oxidation, etching, and washing, can be performed cheaply and 
easily by choosing the gas for discharge, and the fluid 36 suitably, and combining 
them, as mentioned above. And processed material can be protected from 
contamination of the substance by which it is generated by a surface treatment by 
maintaining the cleanliness of said fluid which immerses processed material on a high 
fixed level. The modification example of such a surface treatment device is shown in 
drawing 9 . 

[0061]In the example of drawing 9 , the inlet 43 and the outlet 44 of this fluid are 
provided in the both ends of the container 37 which stores the fluid 36, respectively, 
and the pure water playback equipment 46 is formed in the middle of the connection- 
sleeves way 45 which connects these. The fluid 36 in the container 37 is sent to the 
pure water playback equipment 46 via the connection-sleeves way 45 from the outlet 
44, and after it removes the impurity ion and dust which are produced by the surface 
treatment of the processed material 41, etc., it is returned in the container 37 from the 
inlet 43. Therefore, it can hold the fluid 36 in the container 37 to always high 
cleanliness, and fear of contamination is not only canceled, but it is not necessary to 
exchange the fluid 36 in the middle of surface treatment work, and workability and 
productivity improve. The pure water playback equipment 46 is a publicly known 
means currently used conventionally. 

It consists of activated carbon, ion-exchange resin, various filters, etc., and these are 
chosen suitably, or it is combined and constituted. 

When the fluid 36 is except pure water, it is constituted as a filtering means 
corresponding to the kind of the fluid, and is used. 

[0062] Another example of the surface treatment device for carrying out the surface 
treatment of the processed material in a fluid similarly is shown in drawing 10 . The 
electrode 49 connected to the power supply 48 and the grounded electrode 50 which 
are the counter- electrode make the surface treatment device 47 of this example 
counter with a fixed interval in the casing 51, and it is arranged. The casing 5 1 is 



connected to the nozzle 55 which consists of a perforated plate arranged at the pars 
basilaris ossis occipitalis in the container 54 which is connected to the gas supply 
device 52 which supplies the gas for discharge in the one end, and stores the fluid 53 
in the other end. For example, the processed material 56 which is a substrate is 
immersed into the fluid 53 of the container 54, and is arranged above the nozzle 55. In 
this example, corresponding to the size of the container 54, much processed material 
56 is vertically arranged in parallel in the fluid 53 so that it may be illustrated. 
[0063]The gas for discharge is supplied in the casing 51 from the gas supply device 
52, and said gas for discharge replaces the space between the two electrodes 49 and 
50. If voltage is impressed to the electrode 49 from the power supply 48, gaseous 
discharge will occur to the space between said two electrodes. By supplying the gas 
for discharge continuously from the gas supply device 52, the active species of said 
gas for discharge generated in this discharge region 57 is fed by the nozzle 55 as a 
reactive gas style, in the fluid 53, becomes foamy and spouts. By arranging the nozzle 
55 at the pars basilaris ossis occipitalis of the container 54, the operation for which the 
air bubbles of said reactive gas stir the fluid 53 is achieved, as a result, said gas active 
species can mix in homogeneity more, and, on the whole, the surface treatment of the 
fluid 53 can be carried out uniformly. In order to increase the dissolution efficiency to 
the fluid 53 of said reactive gas, it is more convenient as the bore diameter of the 
perforated plate which constitutes the nozzle 55 is made fine. 
[0064]Thereby, according to the kind of gas for discharge, and the fluid 53, surface 
treatments, such as oxidation, etching, and washing, can be carried out for the 
processed material 56 like the example of drawing 8 and drawing 9 . And since it 
constituted from this example so that it might be isolated separately, and the container 
54 and the discharge section which makes gas active species generate might be 
provided and it might connect via a suitable pipeline, By adjusting the size of a 
container, the amount of supply of the gas for discharge, etc. according to a 
processing condition, the surface treatment of much processed material or the 
processed material of various shape dimensions and sizes can be carried out at once. 
[0065]The modification of the example of drawing 8 and drawing 9 is shown in 
drawing 1 1 and drawing 12 , respectively. In these modification examples, the 
processed material 41 is arranged besides the container 37. It passes on the processed 
material surface, generating the excitation active species of the gas for discharge 
supplied from the gas supply device 38, turning to the processed material 41 the fluid 
36 in which this was made to mix, rationing it, and controlling a flow by gaseous 
discharge generated between the electrode 35 and the fluid 36 surface with the plug 
58 like the example of drawing 8 and drawing 9 . According to this invention, various 
surface treatments, such as oxidation, etching, and ashing, can be similarly performed 
to the processed material 41 by combining suitably the kind of the fluid 36 and said 
gas for discharge. 

[0066]The fluid 36 in which circulated the container 37 especially like [ in the 
example of drawing 12 ] the example of drawing 9 , regenerating the fluid 36 with the 
pure water playback equipment 46, and said excitation active species was made to 
mix is supplied to the processed material 41 from the container 37. Supplying pure 
water to the container 37 continuously, or making it circulate through it in these 
modifications, and carrying out the surface treatment of the processed material 41. 
After changing the kind of gas for discharge which closes the plug 58 by the middle, 
and is supplied from the gas supply device 38 and changing the character of the fluid 
36, a surface treatment which is different in the processed material 41 can be 
continuously performed by opening the plug 58 again. 



[0067]Thus, since the processed material 41 is arranged besides the container 37 
made to generate gaseous discharge according to drawing 1 1 and the modification 
example of drawing 12 , it is not necessary to change the container 37 corresponding 
to the size, or a size and shape, and the whole device can be miniaturized. According 
to the scale of the processing of which the throughput is required, it is easily 
controllable, and if needed, a sheet process and batch processing are possible, and 
reduction of cost can be attained. 

[0068]Another example of the surface treatment method by this invention is shown in 
drawing 13 . In this example, the comparatively large-sized processed material 41, 
such as glass for liquid crystal panels and a wafer substrate, is arranged in the 
cleaning tank 59, and washing processing is carried out using the pure water 
continuously supplied into it. The pure water after the use discharged from the 
cleaning tank 59 is sent to the container 37. In the pure water after use, the organic 
matter etc. which were removed from the processed material 41 are contained, and it 
is floating on the oil level of the container 37. The electrode 40 which the electrode 35 
connected to the power supply 34 has been arranged with few gaps like the example 
of drawing 1 1 and drawing 12 between oil levels, and was grounded by the pars 
basilaris ossis occipitalis of the container 37 is allocated above the container 37. 
[0069] Gaseous discharge is generated supplying the gas for discharge from the gas 
supply device 38 between the electrode 35 and the fluid 36 surface, and the fluid 36 
surface is processed using the gas active species generated by this. By using mixed 
gas with compressed air, oxygen, helium, or nitrogen for said gas for discharge, 
ashing of said organic matter which floats on the oil level of the container 37 is 
carried out, and it is removed. The pure water defecated in this way is sent to the 
cleaning tank 59, and a reuse is carried out to washing of the processed material 41. 
[0070]Thus, in this invention, it can wash continuously by defecating circulating pure 
water, where the processed material 41 is fixed to a desired position irrespective of 
the size, shape, and a size. 

Therefore, it can respond to enlargement of the latest glass substrate for liquid crystal 
panels, and a wafer easily especially, and a sheet process and batch processing are 
possible. 

According to this invention, also when processing washing etc. using fluids other than 
pure water, by performing ashing treatment for the fluid after use similarly, it can 
recover easily and the reuse of the cleanliness can be carried out. 
[0071]In drawing 14 , the orienting film formation method of the liquid crystal display 
which applied the surface treatment method by this invention is indicated. The 
synthetic resin coatings 61, such as organic polymer resin, are applied to the upper 
surface of the counter substrate 60 of the liquid crystal panel in which elements, such 
as TFT, MIM (Metal Insulator Metal), and ITO, an electrode pattern or a light filter, 
etc. was formed. The orientation treatment device 62 which applied the surface 
treatment method by the plasma under the atmospheric pressure of this invention 
above the substrate 60 is arranged. This orientation treatment device has the electrode 

64 connected to the power supply 63, and the electrode 65 grounded as that counter- 
electrode. As for the electrode 64 by the side of a power supply, the whole is covered 
with the insulators 66, such as glass or ceramics. The electrode 64 and the electrode 

65 which were covered with the insulator 66 are arranged so that it may counter with 
a fixed interval, and may be illustrated and may incline with a certain angle a to the 
surface of the substrate 60 and the synthetic resin coating 61. The angle a is suitably 
set up within the limits of zero < a< 90 degrees. The space demarcated between the 
two electrodes 64 and 65 is connected to the gas supply device 67 which supplies the 



gas for discharge. 

[0072]If voltage is impressed to the electrode 64 from the power supply 63, supplying 
the gas for discharge to said space between the two electrodes 64 and 65 from the gas 
supply device 67, gaseous discharge will occur in atmospheric pressure or said space 
of the neighborhood pressing down. As long as this gaseous discharge makes said gas 
for discharge generate active species, it may be discharge [ which ], such as glow 
discharge, corona discharge, and arc discharge. By covering the electrode 64 with the 
insulator 66, the discharge state between said two electrodes can be made uniform. At 
this time, not the electrode 64 by the side of a power supply but the electrode 65 of 
the earth side may be covered with an insulator, and two electrodes may be covered 
with an insulator. 

[0073]By the gas for discharge continuously supplied from the gas supply device 67, 
the active species of the gas for discharge generated by the discharge region 68 by 
said gaseous discharge has the angle a in the synthetic resin coating 61 surface as a 
reactive gas style, and is sprayed from the slanting upper part. Thereby, in drawing 14 , 
orientation of the surface of the synthetic resin coating 61 is carried out rightward. 
Orientation treatment of the synthetic resin coating 61 whole surface can be uniformly 
carried out by moving the substrate 60 in the direction of front and rear, right and left 
relatively to the orientation treatment device 62. 

[0074]The example of the line type orientation treatment device by this invention is 
shown in drawing 15 . This orientation treatment device 69 consists of the gas supply 
device 67, the discharge generating part 70 provided with the power electrode and the 
earth electrode like the example of drawing 14 , and the blow off nozzle 71. the near 
surface of the substrate 60 which the blow off nozzle 71 was formed by insulating 
materials, such as glass and ceramics, and formed the synthetic resin coating 61 for 
the narrow outlet 72 on a straight line like what is called an air knife - and it is 
arranged with this ****** angle a for the surfaces (zero < a< 90 degrees). 
[0075]Gaseous discharge is produced in said gas for discharge under atmospheric 
pressure or the pressure of the neighborhood by supplying the predetermined gas for 
discharge to the discharge generating part 70 from the gas supply device 67, and 
impressing voltage to said power electrode. By this gaseous discharge, the active 
species of said gas for discharge generated in the discharge generating part 70, By 
sending the gas for discharge continuously from the gas supply device 67, it becomes 
a reactive gas style, and as shown in drawing 15 A and B, the overall width is covered 
on the surface of the synthetic resin coating 61 of the substrate 60 from the tip outlet 
72 of the blow off nozzle 71, and it is injected at the angle a from the slanting upper 
part. 

[0076]Thereby, orientation of the synthetic resin coating 61 is carried out like the 
example of drawing 14 . As said gas stream is strongly injected, for example by the 
pressure about 7 kg/cm 2 at this time, since orientation treatment can be carried out 
more effectively and promptly, it is more desirable. The whole surface of the tunic 61 
can be easily processed by making a longitudinal direction carry out relative 
displacement of the substrate 60 to the orientation treatment device 69. The discharge 
generating part 70 and the blow off nozzle 71 are also connectable with suitable 
pipelines, such as a flexible tube. 

[0077] As a type of gas of the gas for discharge, the gas which contains oxygen at least, 
such as mixed gas of compressed air, nitrogen, and oxygen or mixed gas of oxygen 
and helium, is used. In this case, excitation active species, such as ozone and an 
oxygen radical, are generated by said gaseous discharge. When using the mixed gas of 
compressed air or nitrogen, and oxygen for the gas for discharge, high tension is 



impressed between said two electrodes of the discharge generating part 70. The 
discharge at this time is corona discharge. When the mixed gas of helium and oxygen 
is used for the gas for discharge, a 13.56-MHz RF generator is used, for example, and 
glow discharge occurs. 

[0078] Another example of the orienting film formation method of the liquid crystal 
panel by this invention is shown in drawing 16 . In this example, the substrate 73 by 
which orientation treatment is carried out is laid on the grounded metal plate 74, and 
that electrode 75 of metal [ upper part ] immediately is arranged. The electrode 75 
consists of the same air knife structure as the blow off nozzle 71 of the example of 
drawing 15 , and has the passage 76 connected to the gas supply device 67, and the slit 
shape long and slender outlet 77. 

[0079]The electrode 75 is made to approach the substrate 73, as shown in drawing 16 , 
arid to the surface, from the outlet 77, it is arranged so that the gas for discharge may 
blow off from the slanting upper pail. High frequency voltage is impressed to the 
electrode 75 from said power supply, supplying the predetermined gas for discharge 
in the passage 76 from the gas supply device 67, and making a substrate face inject 
from the outlet 77. The metal plate 74 serves as a counter-electrode of the electrode 
75, and discharge occurs between electrode 75 tip and the substrate 73. In this 
discharge region 78, the excitation active species of said gas for discharge is 
generated, and the substrate 73 surface is sprayed by the gas for discharge which 
blows off from the outlet 77 continuously. Thereby, the orientation treatment of the 
request to said substrate face is made. 

[0080]When drawing 14 and synthetic resin coating like the example of drawing 1 5 
are beforehand formed in the surface of the substrate 73, the mixed gas of helium and 
oxygen is used. In this case, excitation active species, such as ozone and an oxygen 
radical, are generated like the example mentioned above, and orientation treatment of 
said synthetic resin coating is carried out by the same surface treatment as ashing. 
Thus, in this invention, non-contact can perform orientation treatment. 
Therefore, there is no possibility of damaging the surface of synthetic resin coating or 
making it exfoliating, and, moreover, uniform orientation grant is attained. 
Since it is selectively dependent on the impressed electromotive force to an electrode, 
and the type of gas of the gas for discharge depending on the angle which mainly 
sprays said reactive gas, control of the angle of an orienting film can be controlled 
comparatively easily. 

[0081]In another example, an orienting film can be directly formed in a substrate face 
by choosing so that the gas for discharge may contain the suitable organic matter of a 
fluid at ordinary temperature. For example, when Deccan (C10H22) is added to helium, 
or when silicone is added to helium, a resin layer is formed in the substrate 73 surface 
by polymerizing in a desired orientation direction, respectively. When oxygen and 
silicone are added to helium, the film of silicon oxide (Si02) is formed. 
[0082]The modification of drawing 16 for forming an orienting film directly on a 
substrate is shown in drawing 17 . In this modification, the electrode 75 is vertically 
arranged so that the gas for discharge may be sprayed on an abbreviated right angle 
from the outlet 77 to the substrate 73. The substrate 73 is moved in the direction of 
either right or left relatively to the electrode 75 simultaneously with discharge. 
Thereby, by setting up the movement speed of a substrate suitably according to 
membrane formation speed, a resin layer can be grown up aslant and a desired 
orienting film is obtained. 

[00S3]Next, the orienting film formation method of the liquid crystal panel by this 
invention is concretely explained using an example. 



(Example 1) Orientation treatment of the polyimide film of the MM board 80 surface 
in which the circuit pattern is formed was carried out on condition of the following 
using the surface treatment device 81 of the spot type shown in drawing 18 . The 
electrode 83 has been arranged at the center of the quartz tube 82 of making dual 
structure, it connected with the power supply 85 via the control circuit 84, and the 
surface treatment device 81 was made to discharge between the earth electrodes 86 
arranged on the outside of the quartz tube 82. To quartz tube 82 inside, the gas for 
discharge was continuously supplied from the exterior, and the gas stream including 
the active species of said gas generated by the discharge region 87 was made to blow 
off from the gas port 88 to the substrate 80 surface inside. The substrate 80 has been 
aslant arranged at the angle of theta= 10 to 30 degrees to said gas stream. 
Gas used: Compressed air gas pressure : 3 - 7 kg/cm 2 used power: 100 - 200W 
processing time: 20 minutes [0084]Thus, the oriented state was observed by inserting 
a liquid crystal between the substrate 80 which carried out orientation treatment, and 
the substrate which formed the orienting film by the conventional rubbing treatment, 
and allocating a polarizing plate in the both sides, and irradiating with light. As a 
result, orientation of the portion of said polyimide film which applied said gas stream 
was carried out to direction of this gas stream. 

[008 5] (Example 2) Orientation treatment of the polyimide film of the MIM board 80 
surface in which the circuit pattern was provided similarly was carried out on 
condition of the following using the surface treatment device 89 of the line type 
shown in drawing 1 9 A and B. It exposed said polyimide film to discharge directly, 
the long and slender gas outlet 91 being established by the bottom of the power 
supply 90 connected to the power supply 85 along with the longitudinal direction, and 
the surface treatment device 89 making the gas for discharge blow off on the substrate 
80 surface immediately conveyed horizontally in a lower part. 
Gas used: Mixed gas gas mass flow of helium and oxygen: Helium It is oxygen 
lOOccm used power by 20-1./. : 100V or 13.56-MHz processing time: 1 minute 
[0086] When the oriented state of said polyimide film as well as Example 1 was 
observed, the entire substrate was covered and orientation was carried out good. 
[0087] (Example 3) Orientation treatment of the polyimide film of the MIM board 80 
surface in which the circuit pattern was provided similarly was carried out on 
condition of the following using the surface treatment device 92 of the spot type 
shown in drawing 20 A and B. The surface treatment device 92 generated discharge 
between said two electrodes, fastening the long and slender glass tube 95 between the 
power electrode 93 and the earth electrode 94, and passing the gas for discharge 
towards the other end from the one end. The substrate 80 has been aslant arranged at 
the angle of theta= 10 to 30 degrees near [ said ] the other end of the glass tube 95 to 
the gas stream spouted from this other end opening. 

Gas used: Mixed gas gas mass flow of helium and oxygen: Helium It is oxygen 
lOOccm used power by 20-17. : 100V or 13.56-MHz processing time: 1 minute - 3 
minutes [0088] When the oriented state of said polyimide film as well as Example 1 
was observed, it was checked that orientation is carried out in processing time 1 
minute and, and 3 minutes. In the case of this example, since the substrate 80 is not 
directly exposed to discharge, there is no fear of the charge up in a substrate, and 
since processing speed is comparatively slow, orientation treatment can be controlled 
more easily. It is thought from the kind of gas for discharge which was used in any 
[ of the above-mentioned Examples 1-3 ] case that orientation treatment was 
performed to the polyimide film of the substrate 80 by the same surface treatment as 
ashing. 



[0089](Example 4) The orienting film was directly formed in the surface of the Pyrex 
glass board 96 which does not form the circuit pattern on condition of the following 
using the surface treatment device shown in drawing 21 . This surface treatment 
device has the same composition as the example of drawing 16 , and is made to 
discharge it directly between the glass substrates 96 on the power electrode 75 and the 
earth electrode 74. The gas for discharge adjusts the organic matter 99 of a fluid to the 
gas by which it is sent from the gas supply device 97 suitably by the control valves 
100 and 101, and is made to mix at the ordinary temperature in the container 98 5 By 
making the substrate 96 surface blow off from the gas outlet 77 aslant via the passage 
76 of electrode 75 inside, the polymerization film 102 of the organic matter 99 was 
formed in the glass substrate surface. The angle of gradient of the electrode [ as 
opposed to 1 mm and the substrate 96 in the gap of the electrode 75 and the substrate 
96 surface ] 75 was theta= 60 degrees. 

Gas used : Gaseous helium flow : It is a fluid organic matter by 20-1./. : OH-modified 
silicone, silicone oil, n-Deccan used power : 150W [0090]When the oriented state was 
similarly observed on both sides of the liquid crystal between the two substrates 96 in 
which the polymerization film 102 was formed, orientation of the portion 103 near the 
gas outlet 77 of the polymerization film 102 was not carried out, but orientation of the 
portion 102 far from the gas outlet 77 was carried out. 

[0091] (Ex ample 5) The orienting film was directly formed in the surface of the same 
glass substrate 96 as Example 4 on condition of the following. It was made to 
discharge directly between the glass substrate 96 surface and the power electrode 105 
which have been arranged on the earth electrode 74, and a transverse direction to the 
gas for discharge was made to blow off from the gas outlet 106 to a discharge region, 
as shown in drawing 22 . The same thing as Example 4 was used for said gas for 
discharge, and the polymerization film 102 was formed in said substrate face. 
Gas used : Gaseous helium flow : It is a fluid organic matter by 20-1./. : OH-modified 
silicone, silicone oil, n-Deccan used power : 150W [0092] As for the polymerization 
film 102, like Example 4, although orientation of the portion 103 near the gas outlet 
106 was not carried out, orientation of the far portion 104 was carried out. 
[0093] (Example 6) The orienting film was directly formed in the surface of the same 
glass substrate 96 as Example 4 on condition of the following using the surface 
treatment device shown in drawing 23 . This surface treatment device supplies the gas 
for discharge in which the organic matter 99 of the fluid was made to mix at ordinary 
temperature as well as Example 4 to dielectric 107 inside, Discharge was generated 
between the power electrode 108 inside this dielectric, and the external earth electrode 
109, the gas stream including the active species of said gas by this discharge was 
aslant injected at the angle of 60 degrees from the gas outlet 1 10 to the glass substrate 
96 surface, it continued all over the, and the polymerization film 1 1 1 was formed. The 
pre tilt angle of a liquid crystal of this polymerization film is 90 degrees. 
Orientation was not carried out. 

Gas used : Gaseous helium flow : It is a fluid organic matter by 20-1./. : OH-modified 
silicone used power : 150W [0094]Next, it was made to discharge directly between 
the power electrodes 113, conveying horizontally the glass substrate 96 laid on the 
earth electrode 1 12, as shown in drawing 24 . Helium, nitrogen, compressed air, etc. 
which are often as gas for discharge used from the gas supply device 1 14 to the 
surface treatment of the improvement in wettability were supplied. As a result, on the 
substrate 96 whole surface, orientation of the polymerization film 1 1 1 was carried out 
good. 



[0095](Example 7) The same experiment as Example 6 was conducted using the MIM 
board which provided the circuit pattern. The polymerization film by which 
orientation was carried out good like the example was formed in said substrate face. 
[0096] As mentioned above, although the suitable example of this invention was 
described in detail, in the technical scope, this invention can add and carry out various 
modification and change in the above-mentioned example. For example, also in the 
surface treatment device of drawing 1 and drawing 7 , cover an electrode with an 
insulator or a dielectric material like the example of drawing 14 , and more uniform 
discharge is generated, and consumption of the electrode by discharge and 
contamination of the processed material by the substance generated by that cause can 
be prevented. It can use for the longitudinal direction as what is called a line type 
made to generate discharge on a straight line of a surface treatment device by forming 
the electrode of a surface treatment device in plate-like, and arranging vertically. . As 
[ write / in addition to the thing of the above-mentioned example /, for example in the 
Japanese-Patent-Application-No. No. 1 13204 / five to / specification by an applicant 
for this patent / as electrode structure of a surface treatment device ] Introduce the gas 
for discharge in the gas passageway formed with dielectric materials, and high 
frequency voltage is impressed to the electrode arranged to the exterior, In said gas 
passageway, gaseous discharge is generated under the pressure near the atmospheric 
pressure, and the thing of the structure which carries out a surface treatment using the 
gas active species generated by that cause can be used similarly. 
[0097] 

[Effect of the Invention]It comprises this invention as mentioned above. 
Therefore, an effect which is indicated below is done so. 

[0098] According to the surface treatment method of the substrate according to claim 1, 
easily the metal layer of a substrate face at and a high speed. Since it can be made to 
be able to oxidize, without giving a damage to other portions of this substrate, for 
example, electronic parts etc., and the tunic of a metallic oxide can be formed in the 
surface, the corrosion of the wiring formed on the substrate, an electrode, etc. can be 
prevented effectively, and the reliability of an electronic circuit can be raised, and a 
life can be lengthened. 

[0099]Since according to the fonnation method of the multilayer interconnection 
board according to claim 2 the surface of the 1st metallic wiring is covered with a 
metallic oxide and it has corrosion resistance by using the surface treatment method 
according to claim 1, There is no possibility that even the 1st lower metallic wiring 
may be etched when etching the 2nd metallic wiring, Since it becomes unnecessary to 
form superfluously the interlayer insulation film formed among them thickly beyond 
the original insulating function and it can be made thin, the time which the membrane 
formation takes can be shortened, and cost can decrease, and improvement in 
productivity can be aimed at, and it can respond to slimming down of a substrate. 
[01 00] According to the surface treatment method of the substrate according to claim 3, 
easily the layer of the metallic oxide of a substrate face at and a high speed. Since it 
can return and metalize, without giving a damage to other portions of this substrate, 
for example, electronic parts etc., this metal oxide layer in the case of transparent 
electrodes, such as ITO, Desired electrical performance is securable by attaining low 
resistance-ization, making the thickness thin and maintaining desired transparency. 
[0101]By choosing the fluid and the gas for discharge to be used suitably according to 
the surface treatment method according to claim 7, Into this fluid, for example, 
oxidation comparable as hydrogen peroxide solution, ammonia-peroxide-mixture 



liquid, etc., The fluid itself which gave surface treatment capability, such as etching 
and washing, cheaply, or was used for surface treatments, such as washing, can be 
defecated easily, a reuse can be carried out cheaply, reduction of cost can be aimed at, 
and since handling is comparatively easy and safe, workability improves substantially. 
By performing separately the discharge especially to a fluid, and the surface treatment 
of the processed material using this fluid, Irrespective of the size and the shape, and 
the place of processed material, a surface treatment is performed, a sheet process and 
batch processing become possible if needed, a different surface treatment to processed 
material can be performed continuously, and miniaturization of a device and 
improvement in throughput are achieved. And this surface treatment method is 
realizable by low cost by comparatively easy composition by constituting like the 
surface treatment device according to claim 10. 

[01 02] According to the surface treatment method according to claim 14, the portion 
which produces gaseous discharge, and the portion which carries out the surface 
treatment of the processed material are provided in a separate position, Since the gas 
which connects these and includes gas active species is supplied to a fluid, and this 
can be used for processed material and a surface treatment can be carried out, The 
surface treatment according to a kind, environment made to discharge, etc. of the gas 
used for gaseous discharge is possible for shape and a size, the number that should be 
processed at once, etc. of a processing condition, for example, a processing purpose, 
and processed material, and they can adjust throughput suitably. According to the 
purpose and a use, a sheet process and batch processing can also be used properly, 
processing work, such as handling of the gas for discharge, is comparatively easy and 
safe, and improvement in productivity can be aimed at. And this surface treatment 
method is realizable by low cost by comparatively easy composition by constituting 
like the surface treatment device according to claim 16. 

[0103]By injecting aslant a gas stream including gas active species to a substrate face 
according to the orienting film formation method of the liquid crystal panel according 
to claim 19, Since orientation treatment is possible for the synthetic resin coating of a 
substrate face in non-contact, or an orienting film can be directly formed in a substrate 
face according to the method according to claim 22, There is no possibility of 
damaging an orienting film like before or exfoliating, the yield improves, and since 
[ that processing time is short and ] the sheet process is possible, productivity can 
improve substantially and reduction of cost can be aimed at. 
[0104]The surface treatment method and device by this invention, Since 
decompression environment is not needed in a gap to mention above, can miniaturize 
the composition of the whole device easily, and. Since gaseous discharge is generated 
under the pressure near the atmospheric pressure and there are little electron and ion 
as compared with an excitation kind, the damage given to processed material can be 
lessened, and at high speed, since a surface treatment can be carried out, cost 
reduction can be planned. 

CLAIMS 



[Claim(s)] 

[Claim 1]A surface treatment method of a substrate producing gaseous discharge in 
gas which contains oxygen at least under atmospheric pressure or a pressure of the 
neighborhood, exposing a metal layer formed in a substrate to active species of said 
gas generated by said discharge, and oxidizing the surface of said metal layer to it. 



[Claim 2]By covering with an insulator layer the 1st metallic wiring formed on a 
substrate, and etching a metal membrane formed on said insulator layer, It is a 
formation method of a multilayer interconnection board which forms the 2nd metallic 
wiring in a desired pattern, A formation method of a multilayer interconnection board 
including a process which produces gaseous discharge in gas which contains oxygen 
at least under atmospheric pressure or a pressure of the neighborhood, and exposes 
said 1st metallic wiring to active species of said gas generated by said discharge 
before forming said insulator layer. 

[Claim 3] A surface treatment method of a substrate producing gaseous discharge in 
gas which contains hydrogen or an organic matter at least under atmospheric pressure 
or a pressure of the neighborhood, exposing a layer of a metallic oxide formed in a 
substrate to active species of said gas generated by said discharge, and making it 
return said metal oxide layer. 

[Claim 4] A surface treatment method of the substrate according to claim 3, wherein 
said gas contains a steam further. 

[Claim 5]A surface treatment method of the substrate according to claim 3 or 4 
applying an organic matter to the surface of said substrate beforehand. 
[Claim 6] A surface treatment method of the substrate according to claim 3 or 4 adding 
an organic matter made to evaporate in said gas. 

[Claim 7] A surface treatment method producing gaseous discharge in predetermined 
gas under atmospheric pressure or a pressure of the neighborhood in near the surface 
of a fluid. 

[Claim 8]The surface treatment method according to claim 7 carrying out the surface 
treatment of the processed material using said fluid after producing said gaseous 
discharge. 

[Claim 9]The surface treatment method according to claim 8 making said fluid 

immerse said processed material. 

[Claim 10] A surface treatment device comprising: 

A liquid container. 

A means to produce gaseous discharge in predetermined gas under atmospheric 
pressure or a pressure of the neighborhood in near the oil level in said container. 
A means for supplying said predetermined gas near the oil level in said container. 

[Claim 1 l]The surface treatment device according to claim 10 having further a means 
to make circulate through said fluid and to defecate from said container. 
[Claim 12]The surface treatment device according to claim 10 or 1 1, wherein 
processed material is immersed into a fluid of said container. 

[Claim 13]The surface treatment device according to claim 10 or 1 1 having further a 

means for supplying said fluid in said container to processed material 

[Claim 14] A surface treatment method producing gaseous discharge in predetermined 

gas under atmospheric pressure or a pressure of the neighborhood, supplying into a 

fluid gas including active species of said gas generated by said gaseous discharge, and 

carrying out the surface treatment of the processed material using said fluid. 

[Claim 15]The surface treatment method according to claim 14 making said processed 

material immersed into said fluid. 

[Claim 16] A surface treatment device comprising: 

A liquid container. 

A means to generate gaseous discharge in predetermined gas under atmospheric 
pressure or a pressure of the neighborhood. 

A means to supply gas including active species of said gas generated by said gaseous 



discharge into a fluid of said container. 

[Claim 17]The surface treatment device according to claim 16, wherein processed 
material is immersed into a fluid of said container. 

[Claim 18]The surface place device according to claim 16 having further a means for 
supplying a fluid in said container to processed material. 

[Claim 19] Are a method for forming an orienting film in a substrate face of a liquid 
crystal panel, and gaseous discharge is produced in predetermined gas under 
atmospheric pressure or a pressure of the neighborhood, An orienting film formation 
method of a liquid crystal panel exposing said active species to said substrate face by 
turning to said substrate face a gas stream including active species of said gas 
generated by said discharge, and injecting it aslant according to an orientation 
direction which it is going to give. 

[Claim 20] An orienting film formation method of the liquid crystal panel according to 
claim 19 forming synthetic resin membrane in said substrate face beforehand, and 
exposing said active species to said synthetic resin membrane. 
[Claim 21] After containing an organic matter of a fluid in said predetermined gas at 
ordinary temperature and forming a tunic in said substrate face with said active 
species, An orienting film formation method of the liquid crystal panel according to 
claim 19 producing the 2nd gaseous discharge under atmospheric pressure or a 
pressure of the neighborhood, and exposing the 2nd gas active species generated by 
that cause to a film formation side of said substrate. 

[Claim 22]Are a method for forming an orienting film in a substrate face of a liquid 
crystal panel, and gaseous discharge is produced under atmospheric pressure or a 
pressure of the neighborhood, An orienting film formation method of a liquid crystal 
panel forming a tunic in said substrate face with active species of said gas which 
injects to an orientation direction which is going to give predetermined gas containing 
an organic matter of a fluid towards said substrate face exposed to said discharge at 
ordinary temperature, and is generated by said discharge. 
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o ( c n &«[>sgtt«ccc8 5 ns ctw, tabes 40 

[0 03 8] -etc, ^ySAfc£C*tf*4*a£S 

0. assnatsaatttr^i**' >■ -t/^<-r« 
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<7>^>\ >j 0 a^>7^ =f>a zona* 0. WM$l 

fcT'S*o 

[0 03 9] *fc % B**ftlC-?l *Ttt, S»C«>fflB 
itt^fe, BWbi*fl[*±*f*fc»Ktt'C*nW. 

^0^ u fe**U'c » c i lis ^ * r a c » 0 
[0 04 0] CCC'Jt^tcUC. &KiB» 7 €F>AB «&JB 

mitm xm wc«s 8 bb 2 b «: * « a ^ 

i: o*C, ©2B^«^4»rM(DiBtS^^-->«:^ia 

■rs. *»««ci:nw, ia.i/fcj:^<cTafl[>^Haaa 
ttK«a5RftHa(c«a^ w* eLbtca< < r 
*> ys'iwcTao&BiBaR^j: yznzmit 

tH\ C0>J:^lcux, SK6a>±«C2Sa>*aBB«ft 

[0 0 4 ! ] ***«T?i*. S1S6i^^.«S$n^g 
EM 7 ft 7 5 i 0 i U fc^, 4;0r>ft«>ftB* fe 

ctm& *fc, **»«<3s>j:^ja*a«fi©E« 
0 ct: ^ tc *ar 4 c t tc ck c fii^i £ 4 ^ & 

[0 04 2] S3 tCll *ftfltCJ:**S<)!>*B«!a* 
y*m\2&. &&m**k&icm?Ztc&<QhV>X 

feP)i:|5]«tCS 1 (cft?Aa»ratttai/. 
ttl/t, «S3t*'^Xj«B! 2 t©M-caM*ft«t#fe 

-^^ & 0 c©<fc 5 cc i/c ^7 x^tfth cue* *j , 
1*. !^#?*a?^ sue. ja^i/ci^r^-^m^, 

o>aimsi 3©»»(c©*«as^4. 

[0 0 4 3 ] ISUfcJ^K, »HQ&13(1 I TO 
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X . ffi*<D J: 5 iC|W«rs&«W±CC» < uc < r 

[0044] r*. att»**«r*fc2e>«>iBK*»* 
wiMsa^oc-stta^fex^^^-tswao . <-n 

(CJrOiBtt, ttft AcSUrKai«|K*«f«i. JKX. ** 
CM'-t>, lfttsS&£'G^«4tt&. C*uc<fc»), it 

[0 04 5 ] SSE«S#X3W»fB«!«:a«»«^c<:«. SfeW 

[0 04 6] H4 7i5H6iCli, COW:^Cft«ffi#* 
K *»a fc ttOfc^^W«tt&^* ^ * A:«>a>A(t«ft 

<Z>-Sp* ? V l 6 X'WM b X J > > £ 1 7 CCS 0 Si 



7) «WhP8 -7 8 52 9 

«*fcltW»tt 1 8<DSMk#A*^CilSl 5 KIRS 

[ 0 04 7] B5K*3ft*30fc»C£, #A««gaSS 
io jtftH2 0^ifirt*fen 1 c*ik$>M 7*>M<*&li 

iCh. $>t?l 7rtKH4£H«Ob-**:W:KJD& 
[ 0 0 4 8 ] Hi 6 CCS? * fMHt'tt . £ > * 1 ? RCCffr 

S3 ft** a fc«»ttw»Ba i 8 & b - £ i 9 K *? r 
Bit, *s«*fcws?e»i*w««©»ffc^^*» 

£2 , 5 * $ ft ^fe^^'^ 4 J* 9U 

[ 0 0 4 9] *ft<B<D*iB«!*ft«:ffil*ri*«lBt** 
^^Ctt, {C,cH 2J > ^riJD^^i^ ^*>4 

a fc. ^ y ^ i.®aESws» 2 0 y ^ h * 4 u 

[ 0 0 5 0 ] 
[*1 J 
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13 14 











T&TCti | 


J 


/'o/^v 2 0 Ocas 




r 


A 


2 ; « l 


> 5 Occm 




C 


.} 


L 


Til y 2 0 0 ocra 


A 


A 


4 




t& L 


C 


1 

D ! 


-7-i 




-r^V 2 0 Occm 


A 


A 




lOOccu 


r>? > 2 0 Occm 


C 


E 




2 0 Oca* 


7*2? > 2 0 0ocoi 


0 


D 






f*#> 2 0 Occm 
ft 2 0 0 own 


B 


A 




&m 5 Occm 


r?7> 2 0 Occm 
7J; 2 0 Occm 


C 


A 


1 0 


?Jc?fc 2 0 0OCW 




c 


A • 



D : i£4CBMt-r* 



sub s i* x t U t ©its* * o r c » * . t 

[005 2] UTtctt, *ft"BKj:o*ft(Cieffl^n& 

»»SltiJl2 6 ccj: ^T^»KSi*fettST?fi 
<Weg»3Jrcc»&o 2 &», &j(fc£ft£4 

*-©rt^K^g2 4£^£tCfc§ , U ?>^^(7>T 
M»2 7^ ^2J^^*-c^lt. -ctf>T 
#«: RO 2 8 £ B* b T C > £. C 4>T4tKB 2 7 2 
4^igi^^ SdBfc;<-2 5A8H*, ft«fl|Wx 
£PKST*#*l8i&g«2 9tcifcIb'Cl** 0 H5D2 8 



30 tea. 0 #13883 ft. //^<-<7>T#tc:^ 

[ 0 0 5 3 ] tf^mtBM 2 9 *&jKJ&Oft*B*fX* 
o, SjH 2 3 //• &S152 4 KSEftEPSW £ <t . «fi 2 

4©*iaiftH*^-T«»2 7 4<cf*r-swt**#£ 

^X^3 2 4^->r^n2 8^f5>T^^ l f'a^n^ <> c 
S2S«^*B*fS*n*. C04*. KJHt#*i*3 2 

Lt. niaft«£ * *j b ft ^ * >#£j?>* , 3 0 

[ 0 0 5 4 J * fc, stoHfe^r-ii. 2 5 <?> 

TWiian 2 a k phx v u =r ^ fccwa 

so fia. Sffl^E^jg2 2*f*4li9iJ|BcC'i4gK:fi2g$ 
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ft. KSBtf SK£ ft l/Ti5i85JEft#*Sra:«SS ft** 

^©HS^BJffi'CA *J , * fcfP*tt«:ft±*-ti* C 4*> 
[ 0 0 5 5 ) (EiSi-cii, *£«KJ:&«H*ia#ttfl>aJ 

<o«tt«tc ttfflr & fc«^«H&a«H**ft e *vc I * 

oo C0>*ffisalS9.E3 3*j\ SjK3 4*cttttSti^ 
*¥KES$ftfc¥1SW©«ft3 SfcWfr*. 'S&3 5 
(OTSItCW, 3 6*BT«t*£83 7 

Sft. ^ttSffi^XtftlST*fc»©^^<RtttllS3 

4 Cf*tcH*S ft&#U »£KK|Si W'C §Bf£ $ arc v 
SIS 3 7 <JWS8U£ t* , Sff 3 5 fl>*MSfi 4 U hi&M $ n 

3*VCI*& 0 KiS4iasn^4*iAatt4 lit, &fi3 6 
t/r«B3 7 <Z>j£K* &JS&4 0 i-c&ltT&fe 

[005 6] iSofe^fe^i^ilaltetc. 

d3 c H T , 3 5 4 ifttt 3 6 fl>jaiBH«>II8Sa?Pfl^ w 
!a»S]S:tf*t?iR&'5'S, £tc8j«3 4^fe«tt3 5 tc 
«E&£PliP?&£, «S3 5 4f?gaS[iB40>BB , ca#tt 

mattes ^<sM£tett#fess ft. ai5tta^a# 3 
6*k«M'-c. »%a**4 i£*ffi»ar&. 
[0057 j ta«H^ii/t:iR*€a^x. arm: 

^ 'J * A4 W*i©5t^3y^^l^c*'&tcW. IffiSSK 

0>*8 £K t£, * tcHK =*" v' AT &c£&£ -? 
T8f*3 6***v r >*££9, tftfcffiW* i(C*fl/C« 
BMt*JR* 4 Ba<DKffe» ^rSStoc C ftfcft 

S3 * f #*< a « , u fc : b Amct orw*cA*fc 

RWCtftt*. ^+£*c*c»K(b*aft*&» 

[ o o 5 a ) sfte-sfewct*, tmmx* t i/c . c f 

ai*3 6tC*S:ffil*i4. ftqfi-7 ? ft </ sir >A&*K?KA 
l/€S#3 6 #7 •;• ft*tR c H F ) y klcUho>C. «A« 

aw 4 i <pab&x - ^oci^t? o. eft 

r. *<7>^a;&'6^fbli£^ 



WOT8-7 8 52 9 

16 

[ 0 0 5 9 ] * fc, P^S^X 4 l/C £?kt:$t» X* , 
«it«3SK<D¥f*:tf*, SHRi^D * A 4 

4 "oatta^ U . C Off £ <f * >tf«|»cif 

0 . a#36«7>-t-7 4 B5<Wfc!M 

^T^C47>»'C^Oo 4$^. C«>*tti*, S^4'CC^ 
10 $c hfc h ^ 7 > y»ic ^ * - r x -p f > ^ 

[ 0 0 6 0 ] ***k«0>«iB»B*ft« J:n«. ±i* b 

*7 ^SIB^a^ . Sfe«tc*»oB»ictT i C 4 &• 

» .'t tc^t-if ^> c 4 i: o r . Hffl4Aa«: A 0 ft 

^» C<?>J: ^a«ffl*a*IBfl>S«*3teffWH9iCSS 
20 ntc^c 

[ 0 0 6 ! ] B9<DSaftffl'Ctt, S(* 3 6 ^SfiiT^S 

s 3 7 . -t-nt-nafg^s AD 4 3 4 HtffiP 
4 4 ft, cft%**t*-s'4sas*a4 e>^ 

*Klfckff4ttK4 63^»Ofeftri»*o S^3 7^0 
?gt*3 6lt, 8tHiQ4 4^6iSSp.ailS4 5^rUXsiS* 
fftfiR4 6<CS6ft, t*«att4 1 ©*a«:Ea 4tC 

4 3^^*B3 7rtK«Sft* 0 i^o^C, SS3 7rt(7> 
fftl* 3 6 «r*<C*^«fMKiC«i#ir* C t&VZ . >^fe 
30 C[>«;Vjgj(!Sft*K»t?itt< % SfflJafSffSROift+rift 
# 3 6 0 *J *. €>**d.^i < , ff ftttRO^Sfctt^fl 
±T^ 0 ^KFI4-S^4 6^ ^^ffi$ftr^^^D 

Cft&iiiMHROi:. Xii^^biiX 

0gft(Dg^*ifEl/fe'3 < -'U^ »J > ^K4 U*C«« 
Sftd-oft»Sft&. 

[ 0 0 6 2 ] H 1 0 Kit. H*iC?ft(*4 ,, Cj*«Sfitt** 

a*Ef * fea^cc-^fflaisRawBto***!^ 5 ft r 

40 *3ttttfl©*ffi»Ett*4 7«. *jB4 8<C»t* 

$ft/c^S4 9 4, t0>4«ttt:'**»*Sftfc«tt5 
04/A ir-^>^5 ti3S>HPB€:*>-7*C*liajS 
■e-CBK$ft'Ci»&. i"-i'>y5 1«, <-<7>~©ci3 

ft, MilSr 4at . £f£ 5 3 «rBf r o 4 rt 

ftCc^ e WiLBaHS-Cftitt^aHSett, «B5 4 
<DJS(t5 3*«caai/TT../XjU5 5©±**cBiBSft 
$^te^*C«, HftSft^^^^. SB 5 4©** 
50 SKtfltOi:. ^&a>*4&JSW5 6^i0[i*5 3+^=a 
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[0 06 3 ] ^flttftSK5 23^&^-^>y5 1 f^cc 

mc \m $ n-s c i tc j: x t sisti £ b x ✓ x 

"TfcfcfCl*, yX;l>5 5*«.«f &*a«^a«:SB* 
[ 0 0 6 4 1 C ftK J: 0 . S3 SCXE 9<B*ftffl£1Sltt 

i-^C**o l^fc*£ftfflt?lt, £B5 4±#*>Stt 
%&^£ftbXfflfc?Z£5K&i&btiQ>V. &a& 

[ 0 0 6 5 ] © 1 1 SOTS 1 2 Kl*. d8 ROM 90>£ 

ttPI'CIt, IA*ffit*4 1#«£3 7©#KBg«StVCl* 
H8at>TH9#**fcffl£ia*K. SS3 5i»#3 

l/. cn*-iRA*'tifciBlt3 6&tft«iEW4 !Wt 

4 1 KBHk x * * > ^. 7 ? V > ^«Z>SI St 

[0 06 6] 1*iCH 1 2©*ft4frC«. B90*tSfil± 
H&K\ »S#3 6«:t6*?54ffiK4 6 , CS^AFS0fr^ 

fc»f43 6Sr«B3 7^6ttftiHM4 1 ecBSte'T^ £ 
fc. cn^OjKSJWr-tt. SiS3 7Ktfck«:Ji|tMtCtt 

h. xa>^Cr£5S'HrlU, :fl^#*«*ft«B3 8rt> 

&Pttsr siwffl^xwiasra Ri/-c?s*3 e> ©as 

[ 0 0 6 7 J C © J: ^ KG 1 1 SOB 1 2 miwmm 
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is 

tc * ftli, SR(*»«*»4 S-tt &SB 3 7 tt^B 

i/c«B3 7 £%ff?&!&SM*v< . ««£i**/J*siifc 
"S'Sci^T?**. ice. -eoiiatt/jtR^sti**!. 

il^^gtctEUXSicclUi^^C > ^-gccfE 

[ 0 06 8] SfcH 1 3Ktf, *#M«CJ:4*iHJH»# 

io «!>x^»ig^a>ttiaM*a©st«fstt4 

1 5 9 RtcS3^^ ft, *<0+<Cii«»fi<C «fft * 

n. «»3 7©jftau:i*!iaot:c**. ^S3 7cc-±*cc 

I*. HI I, H 1 2<7>Sfept]il«l}i^. SKR3 4^tt 

$ nfc«a 3 5 asaffi <t ©Htca*«a hk^ ^> o ess 

$ ft . ^Sfi 3 7 ^>JfeSH^^si $ ftft^S 4 0 -^EK 

20 [ 0 0 6 9] SfiE 3 5 <fc&f*3 6*iBi<DiBtc^flt(4 
3 8 ^ ?E>fe?S^ * fftfc l/^o^fe^?:^ $ 

[007 0] CCC'ct OCC^^CCofcU^ tft»ffitt4 1 
JEtt, -tiitefttofer. F^<DliBtcH 

>^&a«i^ c t tc J: vc, <-«>rsf^«*^S^Isl» 
[ 0 0 7 1 ] H 1 4 tctt. *»WtC J: «k9«L&^S«: 
40 6. TFT, M I M (itetal Insulator tfetal) , ! T 
&&btc$&> l <*&o>ltfoWgL6 0«>±atctt. ^as 

jffi&a^rg££7s i/ fcen^LattB 6 2 5 n 

-2>, ca>E^^E^ti. «jlR6 3Kift&$ft*:«&6 
o 4 ^Wte^@6 4ii. x^W^7A*^t7 
50 6 6«:J:-7rt*RSnfc«tt6 4i««6 5i«*. 



(11) 

Ktf £j««IJSftt*6 1 <D*atc» <yc A&ft&a £ t> -? 
T«M*6J:5£flgB$ftTl'*« fifSat*, 0*<a 

W 6 7 K jg $ $ 41 T ii » & 0 

[007 2] tfafiiiftffiH 6 7:0>&fi*66 4. 65B 

■ria»rtt«i**!cft!«str*. c r 10 

-iss, 2 passes, r-^ft«*t,»m<D«[«'c*-7 
t £i *o *ffi6 4 *s&*ti* e e rfem $nu^ci 

&-&$f:&Tl£S l/T *>Mt \ 

i o o 7 3 ] mz%i$4mvc jt <o tmnrne a k&ss 

. gj 1 4 i-c i6 *< * T "o^f^i 5di»l $ ft o o WM"- . If 15 6 

ccBBfiK&S*? c C 4 Ait?* £0 
[0 0 7 4 ] B 1 5 ICt*. *KflJC£*7-f VS-f^G) 

S/X,'l>7 ltfriz>V&, QX&SX>17 ii^7A, Hi 
^K*«±<^*i#ftttiP7 2 gs£aW&K6 1 & 

®* u fc sts s o ©*aatt«:^-^*aiai wt * & ft 
&a <oft<a<9 0*> *<>oTB2B$nTi>£, 

[ 0 0 7 5 ] XZ&MBM 6 7 7^^>^t£(7>5^ffi^A4- 

■?t. tt^st»7 oftir4ffisnfciisatt«ffi^Ao> 

S6n*CiKA^r5ittt^Aat«t0, HI 5 A, 
£<5 6 0 (O&SMiUM 6 1 <J>*ffiK z&sm. m^x 
[ 0 0 7 6 ] C ftfc J: n . £.«<HSSt£Bf 6 ! «sg i 4 <jy 

*8*«>E/5'CWeE^^?4*«< WHTft«r*s, * 

*U». Sfc. gfi6 0£Bffl«a»K6 9K«LT£ 
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a#l*Kie»8ft3tf&C£tcj:^T. S«(cttlX6 1 
[ 0 0 7 7 ] ft«8#A©#A«£ UTii, E«£S, 

RtSSSftH^^, SSBIifiOln**. CCDi^CC-^ 

[ o o 7 s ] h i e ici*. *$mic£*&m>i*>\<o>& 

rtt. E^E3n&*lg7 3^ a*$nfcftl81S7 
4 ©±tc««8tl, ^*CC*<±*^ftB»©«tt7 

S6 7K«tt§ftfc»!»7 Sijfflftr^'J ? M^CC-RS 
□ 7 7£&Wf £o 

[ 0 0 7 9 ] «fi87 5 1*, m 1 6 tc^Tot 5 tcg{§7 3 

A-o^-a>^stc^uc^ap7 7 

^8ttft»K6 7^&gfr7E©tt««^€:aSS7 6rttC 
^ 7»o^ffiP 7 7 ^6Sfi*iB^>9M $ tr 
Sfi7 5 UL(lteSaAvi>*HSft«ffS:BlllD , S'*. ^SIS 
7 4 *^«S 7 5 ©*f «St Ct r , ttfi7 5 %W & 
30 7 3 <L«>»r'»fB^|fe4T*. CO&^|I^7 8Rr 

7^6*WJ«ci*UlSn*»affl//XKJ: »J«S7 3* 
[ 0 0 8 0 ] S^7 3<7>3?SKia 1 4 . m 1 5©*tS« 

ct #«tt*CEfl»E *?Tfe ^ C <t*st? * ^> COT, 

a^t-*&. 

[0 08 i ] ste**«-ca, JWffl^^M-cifiEi* 
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tfi. j^0>HWjfltca&T* Li(U:- til 7 3* 
Kfti^K (S i 0, ) ©IfcMEiS 
[ 0 0 8 2 ] H 1 7 ccli. S1S±KKr*«-SriIjg®jaf 

4^©ffiifillftBfi£*a^*f*fiCC3Bl|!!'r*. 
(Xtt^ 1 ) BBW^-^OTEJSStVCl'&M I M££ 
8 0«ffl<D#LU * KiASB*, 111 1 S^Ta^ ? t £ 

mute, mm9&£i*M% h*, zawis&«rrs3&»$ 

2©4M>(C«ffi8 3 frEBl>TMfaiBR28 4 Urn 

aeiofeiuir^^^^:, 3^8 spgastcii. 

tl-SME^'ACOsStttt&StJ^ifti tf^Wi&D 8 8 
%StS8 Q*fiK»l/T«HJ§i*fc, Sfi8 0«. P!a 
tf^Sitcftl/catfrtc, £ = 1 0 -3 OfttfDfctffCEB 

flSffiW^ : 1 0 0-200W 
aiSBHB : 2 Oft 

[ 0 0 8 4 1C Cv-t tCi2^SAail/^Bte8 0 <Lffi3&<D 

[ 0 0 8 5 ] < ^Stetfj 2 > FjtttoE^' < * - > £ IW tc AO 
M I M2fi8 0 SlffiO)* »J *i' * ID 1 9 A, B 

K^Stt6 3 A > 4? 4 y©Kffl45a«H8 9 
«TC*fK«lft«aofc. s*m«&ttB8 9i*. «?H 

# a Sffi : ^ ■> 0 .4 2 0 y ? I 

Bft l 0 0 ccbi so 
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*JMW) : 1 00V, 1 3. 56MHz 

mmm : 1 » 

[ 0 0 8 6] Xtttil ! ilajJMCC 'J <f $ PSfttt 

[ 0 0 8 7 ] ( mam 3 > fl«(C£M,- < £ - > £ mi tc 
M I MS158 0*fflG>*y 5 FttB«. 02 0 A, B 

Tcc-ifeftrEftftsiaftufc. «s«LaiiB9 2u. siHia 

^SStc*fuCH«>^, 9 = 1 0 -3 OA^Aft'CBBS 

iSffi : ^ y a i £ <Mi£ 
^'^ am : a. ij 0 A 2 o y h >\,/% 
mm 1 0 0 ccro 

: 1 00 V, 1 3. 5 6MHz 
«LigKin : 1 3 » 

[ 0 0 8 8] ^fe^ 1 ilsjtMtc i/rSKl* J J ^ 5 KMM 

o>aa^6, §^8 o cr>^t< y i ^ rt*snicc*n/c 7 •;■ v 

[0 08 9] <*te^4 > fia»/^->*«.«l/XC-fe 

u -;' ^^^7Agg9 6<?>^ai<:, iH2 1 i<:^f 

9 6iO>P«lT'|S[Sftc§S^^ ^ffi^Ali, §g9 8 
rt©»ai??ft(t©Wll*J9 9*, ^ttffifKB9 7Aife 

sa*) ^7 .a tc wmz- \ 0 0 , 1 0 1 ^ <t 0 e<:aig 
l/C^A^i^. WS7 s^apcwia? 6*^ror^AR 
ffiD7 7^?E>Sg9 6RiBi<ca»K:PiUSl**Citcj: 
*J . ^7 ^S(S«B3(cWtttt9 9 cr>^^s| 1 0 2 
t/fc. ««&7 5 <LSS9 BKS^iOBBtttt 1 n». S1S9 
6 i<: *tf 7 5 0>#4 ftfttt, B = 6 0 ft'C A -7 
fc. 

: 15 0W 

[ 0 0 9 0 ) m %m 1 0 2 ZftfRUic 2-ft<7>M& 9 6 fel 



(13) 

?3 

0 1 0 2 aiRSjQ 7 7 iCjtt^«» 1 0 3 I*. SSfS]£ 
ttxotefr 7 7*6iai*tt£ 1 0 2 

#BBfa street. 

( 0 0 9 1 J ( Xftft 5 ) MUM 4i|5i G >V 7 * 3 

2 K ,-t '!> K . ? 4 ±K6SB A: fiv 

9 6ili^l'^g l 0 5 £G>Brifc8ft83ti . 

fc. 

[ 0 0 9 2 ] ! 0 2 i*, &ftffl4 4ls]Htt . tff* 

isc *s»5y ) o 4 ttaas o nr t **c 0 20 

[ i) 0 9 3 ] < ttfc&i 6 > 4 4 Fj IV # 7X|ft9 

<z>-as@s 1 0 a i^gg^ga^s 1 0 9 4 sweats 

fv:€ tf-AftffiD 1 1 0 #7 aIIs 9 6 &IBK: £4tf>(-c 

fftttfttfttt ; OH- »J 
: 15 0W 

[0 09 4] H2 4iCSrJt5^, tfi&ttfiS ! 1 
2 JtKttK Ofc XIS 9 6 «r*¥fciRS O & # h , 

«s*&i 1 3 4^t?itf8*rasiwc. ^'Aift^gs 

fc. Cfl>«fc». Sfi9 6£ffiitcfcl»'CM£«l 1 1 tfi& 
[0 09 5 ] (*ft«7 > ^»f*->&SttfcM i M 

[ 0 0 9 6] «±, *#fiW«:«iiSftr*tt«(Coiit:Ka 
±te**a«Ktt * to&S?. * 7 £M%ftikxmtetZ> C Lit 



ftpffi¥8-7 8 52 9 
fe. Bl 4^Jfi«4Hte^sa4»*i*XliS«W4 

f»».^M^^a^t^o *&. us** 

0rR 7 > $ -f ^Stffi^JSaSg 4 0 'C ffi I - & C 4#T' 
1 3 20 4^W»wtcEtt$n*J:^a t t? 

©«ss n fc ^ jfc^srt a «s a * * «A 0 , ^ oc-^f 

[ 0 0 9 7 ] 

ox-. UTia^fthJ:5Kn&z%?z<> 

l 0 0 9 3] ig>W i Ett®«S0«iS»4H#ftK J:n 

^>§P^4-^<r^C 4^*C**o 
[ 0 0 9 9] M$«2Stt^»Ba3»SS0«ft^(c: 
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